Estimation of Zero Shear Viscosity Versus Rutting Resistance Parameters of Asphalt Concrete  by Mazurek, Grzegorz & Iwański, Marek
 Procedia Engineering  161 ( 2016 )  30 – 35 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
doi: 10.1016/j.proeng.2016.08.493 
ScienceDirect
Available online at www.sciencedirect.com
World Multidisciplinary Civil Engineering-Architecture-Urban Planning Symposium 2016, 
WMCAUS 2016 
Estimation of Zero Shear Viscosity Versus Rutting Resistance 
Parameters of Asphalt Concrete 
Grzegorz Mazureka,*, Marek IwaĔskia 
a Kielce University of Technology, Al. Tysiąclecia PaĔstwa Polskiego 7, 25-314 Kielce, Poland 
Abstract 
The article presents test results of the correlation of zero shear viscosity (Șo) and the G*/sinį parameter with rutting parameters 
WTSAIR and PRDAIR. The tests were conducted on asphalt concrete AC11S containing synthetic wax in the range 1.5% to 4.0% 
with a step of 0.5%, compacted at 115°C to 145°C with a step of 10°C. Zero Shear Viscosity was determined using the 
Cross/Sybilski rheological model. The results of WTSAIR and PRDAIR showed better agreement with the Șo parameter (R2> 95%) 
than with the G*/sinį parameter, which reached the test convergence of R2 = 73%. The ZVS parameter exhibited a higher sensitivity 
to rutting resistance and stiffness results of asphalt concrete. Moreover, the increase in the amount of synthetic wax F-T used 
increased the rutting resistance of the asphalt mixture. Parameters ZSV and G*/sinį did not correlate. The ZSV parameter showed 
higher sensitivity and correlation with the results obtained for the rutting resistance of asphalt concrete.  Therefore, G*/sinį should 
be used more carefully in the prediction of the resistance to rutting of asphalt mixtures with synthetic wax. The ZSV parameter 
should be used as a major indicator characterizing the susceptibility of asphalt mixtures rutting. This is particularly warranted when 
new asphalt mix modifiers are applied. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Asphalt is a viscoelastic asphalt binder whose properties depend on temperature and loading time [12]. The 
framework for the evaluation of quality and durability of asphalt mixes in real-world conditions was established by 
the SHRP (Strategic Highway Research Program 1988-1993). Specified by SHRP, the G*/sinį parameter [2] together 
with its critical value (G*/sinį > 1 kPa) became the rutting performance indicator for conventional asphalts.  The 
concept does not work well with modified asphalt binders. Each modification introduces changes in the elastic 
properties of the binder as a function of loading frequency and in its viscosity as a function of temperature [1,14]. 
Misleading values of G*/sinį shifted more attention to zero shear viscosity (ZSV) as the rheological parameter which 
is better correlated with rutting potential. The same doubts about the use of the G*/sinį parameter for the evaluation 
of polymer modified asphalts hold in the case when the asphalt is modified with F-T synthetic wax [8]. In recent years’ 
warm mix asphalt technologies (WMA) [13] and half warm mix asphalt technologies (HWMA) have been used to 
modify asphalt binders [10]. Considering the structure of the modifier and the way it affects the stiffness of asphalt, 
the G*/sinį parameter may be insufficient to assess its resistance to permanent deformation. Therefore, it is necessary 
to evaluate ZSV as a unitary rheological parameter and to correlate it with the parameters from rutting tests.  
2. Methodology of zero shear viscosity determination 
Dynamic measurements provide information about relations between the elastic and viscous components of a fluid 
or solid. Determining zero shear viscosity consists of extrapolating the changes in complex viscosity Ș* as the shear 
rate approaches zero [15]. Extrapolation of the ZSV result to very low frequencies in the asphalt mix will be impossible 
without the information about the ZSV level for higher frequencies. To this end, a mathematical model was used for 
asphalt dynamic viscosity changes against frequency (shear rate). The rheological equation for the flow curve (asphalt) 
consistent with the Cross/Sybilski model was used [3], (1)  
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where K, m, were the experimental parameters characteristic of a given fluid. 
 
The ZSV value will be one of the parameters used to fit the flow curve in the Cross/Sybilski model. The quality of 
fitting the viscosity results to the model is essential for the accuracy of the Șo parameter extrapolation. 
3. Results and discussions 
3.1. Estimation of ZSV 
The tests were conducted on asphalt 35/50 modified with 1%-4% F-T wax added with an increment of 0.5% by 
weight. First tests included the measurement of complex viscosity, Ș*, of the asphalt modified with varied amounts 
of synthetic wax relative to frequency in the range 0.005 Hz to 10 Hz at 60oC. The differences between the results 
from the complex viscosity measurements (for the given measurement point) did not exceed 5%. Results for the data 
in the model are provided in Fig. 1. 
Changes in complex viscosity levels plotted versus frequency show that the minimum amount of F-T wax (1.5%) 
used in the experiment has a profound effect on the characteristics of the asphalt. The changes in complex viscosity 
observed for the unmodified asphalt are less dynamic.  For low frequencies, the level of ZSV corresponds to first 
Newtonian region viscosity, i.e., changes are independent of shear. The complex viscosity levels change in a different 
fashion for asphalt modified with F-T wax. The level of complex viscosity increases at a frequency as low as about 
0.75Hz.   In addition, with increasing amount of the wax, the complex viscosity plotted against the loading time 
reminds the reaction of pseudo-plastic fluid with sharp yield point.  This is a positive element as for the creep of the 
asphalt mix at low loading and high service temperatures. 
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
Fig. 1. Complex viscosity as a function of frequency at 60°C.
 The parameters of non-linear equation (1) were estimated with the optimum convergence of the results from 
the Newton-Raphson numerical method. The results of the Cross/Sybilski model parameter estimation are provided 
in Table 1. 
Table 1. Estimation parameters for the Cross/Sybilski model versus complex viscosity levels at 60°C. 
F-T wax content Cross model parameters (1) Correlation coeff. Estimation error 
% a = Șo b = K c = m R2 ei 
0 644.42 0.517 0.588 0.94 28.6 
1.5 2934.6 0.875 0.659 0.83 134.5 
2.0 11054.2 1.077 0.714 0.95 532.4 
2.5 44919 8.492 0.554 0.99 667.2 
3.0 78290.3 11.882 0.645 0.99 590.5 
3.5 61570.9 9.664 0.744 0.99 431.0 
4.0 156652.5 20.698 0.750 0.99 270.5 
 
The model (Table 1) fits well to the experimental data. Only when 1.5% wax was added to asphalt 35/50, the fit 
was 83%. The value of the ZSV parameter extrapolated in accordance with CEN/TS 15325 (2008) [4] was matched 
in parallel with the result of the G*/sinį in accordance with EN 14770 (2012) [7]. The results of calculations for the 
measurement temperature of 60oC are provided in Table 2. 
Comparison of the two parameters of asphalt 35/50 against the amount of F-T wax is impractical due to different 
units used. The solution may lie in the standardization of both results, which removes the unit of measurement from 
the input data values. Each deviation from the line of proportionality testifies to the variation of both characteristics 
regardless of their scalar units. Results are provided in Fig. 2. 
  Table 2. Asphalt rheological parameters versus resistance of asphalt mixes to permanent deformation at 60°C. 
Parameter F-T wax content 
 0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 
Șo [Pa·s] 
(Cross/Sybilski model)(CEN/TS 15325)[4] 
644.42 2934.6 11054.2 44919 78290.3 61570.9 156652.5 
G*/sinį [Pa] 
(for angular velocity 1.59 Hz)(EN 14770)[7] 
3569.2 6370.9 41402.6 54081.6 80176.6 70356.0 144098.4 
Analysis of the results in Fig. 2 indicates that Șo correlates with G*/sinį, but certain deviations from the 
proportionality line are observed.  When the parameters are in full agreement, the points should be aligned along a 
broken straight line and with a slope equal to 1. 
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
Fig. 2. Relationship between standardized results of Șo parameters versus G*/sinį.
 
The interdependencies are disturbed due to the fact that the F-T wax modified asphalt has certain elastic recovery 
residual value of 5% at a 4% concentration of the wax [8]. The effectiveness of both parameters should be evaluated 
taking into account their critical values as sensitivity indicators in terms of providing appropriate stiffness to the 
asphalt concrete and minimizing viscoplastic deformation.  
According to authors [11], the critical value of the Șo parameters in unaged asphalt is 500 Pas (1000 Pas optimum). 
Below this level, the third rutting phase (no volume change at a considerable uncontrolled increase in deformation) is 
frequently observed.  According to the SHRP methodology, the G*/sinį parameter should be higher than 1000 Pa.  
Analysis of the results summarised in Table 2 reveals that the G*/sinį parameter indicates a substantial reserve of 
stiffness. But with respect to the ZSV parameter, the value obtained for the unmodified asphalt is 630 Pas, close to 
the limiting value. When asphalt 35/50 is used for medium traffic volume pavements (ESAL from 5*105 to 7.3*106), 
its minimum stiffness may be insufficient and viscoplastic deformation may be quickly initiated.  The G*/sinį 
parameter is less sensitive. High sensitivity of the ZSV parameter is another argument for its suitability for predicting 
permanent deformation resistance of asphalt mixes.  
3.2. Correlation of modified asphalt 35/50 stiffness parameters and rutting parameters  
Concrete asphalt with code denotation AC11S according to EN 13108-1 (2013) [6] and the national guidance 
documents WT-2/2010 (2010) [14] was designed as a reference mineral mix. The tests were conducted on the 
reference mix designed for the medium traffic volume KR 4 (335 standards 100 kN axles - ESAL).  
All rutting parameters were determined based on the 2k experimental design. The levels of changes in the 
parameters were the following: 
x compacting temperature (four levels: 115 ºC, 125 ºC, 135 ºC, 145 ºC), 
x F-T wax content (four levels: 0%, 0.5%, 1.0%, 1.5%, 2.5%, 3.0%, 4.0%). 
To evaluate the resistance of the asphalt concrete to permanent deformation, the procedure specified in PN-EN 12697-
22 (2008) [5] was used. 
The parameters obtained from the test included PRDAIR – proportional rut depth after 10000 cycles [%] to the 
accuracy of 0.1% and WTSAIR – rut increase [mm/103 cycles]. The results of the correlation between the ZSV 
parameter and WTSAIR are provided in Fig. 3, whereas those for PRDAIR are shown in Fig. 4. 
Analysis of the correlation between the rutting test parameters and the ZSV parameter indicates a high level of 
agreement of the ZSV parameter distribution and the deformation parameters WTSAIR and PRDAIR.  The correlation is 
much worse for G*/sinį parameter. The result of fitting ZSV (Șo) to the rutting parameters is about 95%, whereas for 
the G*/sinį parameter it amounts to about 0.73% As for the WTSAIR parameter, the highest deformation increase in 
the asphalt concrete occurs for ZSV below 1000 Pas. The same relationship can be observed using the regression 
results for the PRDAIR parameter. Permanent increase in F-T wax content leads to an increase of Șo and fast non-linear 
decrease in WTSAIR (Fig. 3) and PRDAIR (Fig. 4). Thus the increased amount of F-T wax crystals improves the 
resistance of asphalt concrete to rutting.   
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Fig. 3. Correlation between WTSAIR and G*/sinį (left) and ZSV (right) at the controlled amount of synthetic wax. 
Fig. 4. Correlation between PRDAIR and G*/sinį (left) and ZSV (right) at the controlled amount of synthetic wax. 
 
4. Conclusions 
Based on the analysis of the results from the tests, the following conclusions can be drawn: 
x  the ZSV parameter should be used as an indicator describing permanent deformation of asphalt mixes in the rutting 
test. This is warranted in particular when the asphalt mixes are modified with new modifiers, such as synthetic 
wax, 
x zero shear viscosity shows high correlation with the parameters of permanent deformation (WTSAIR and PRDAIR) 
– asphalt mix rutting,  
x  the use of F-T synthetic wax in the asphalt improves the ZSV level, thus effectively increasing the resistance of 
the asphalt mix to permanent deformation, 
x  ZSV and G*/sinį do not fully correlate. The ZSV parameter shows better sensitivity and correlation with the 
results of the rutting test. The G*/sinį parameter for predicting rutting resistance of asphalt mixes with the addition 
of F-T synthetic wax should be used with care.  
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